INTRODUCTION
Ins(l,3,4,6)P4 (Shears et al., 1987) is synthesized in vitro from Ins(1,3,4)P3 and ATP by a soluble 6-hydroxy (6-OH) kinase activity that has been identified in a number of tissue types and cells (Balla et al., 1987; Shears et al., 1987; Stephens et al., 1988c; Hansen et al., 1988) , and it can be identified in acid extracts of avian erythrocytes (Stephens et al., 1988c) . The levels of [3HJIns (I,3,4,6 )P4 rise after relatively prolonged periods of stimulation of primary-cultured macrophages with platelet activating factor, adrenal-glomerulosa cells with angiotensin (Stephens et al., 1988c : Balla et al., 1989a , hepatocytes with vasopressin (Hansen et al., 1988) , 131NI cells with carbachol (L. Stephens & P. T. Hawkins, unpublished work), WRK-1 cells with vasopressin (Barker et al., 1988) and chick erythrocytes with a adenosine 5'-[(f-thio]diphosphate (ADP(pS] ) (see below) . In all of these examples the levels of [3H]Ins(I,3,4)P3 had risen dramatically. Hence, on the basis of data derived from both cell-free and intact-cell experiments, it has been assumed (Barker et al., 1988; Stephens et al., 1988c; Balla et al., 1989a ) that cellular [3H] Ins (I,3,4,6) P4 is derived from [3H]Ins(I,3,4)P3, which is in turn ultimately derived from [3H]Ins(1,4,5)P3 (Irvine et al., 1986 Ins(1, 3, 4, 6 )P4 is essentially re-routed during agonist stimulation so that Ins( 1 ,3,4)P3 now becomes its major precursor. This redistribution could occur through either an agonistdependent activation of the appropriate kinase (Balla et al., 1989b ) and/or a rise in Ins(1,3,4)P3 concentration. Experiments described here were aimed at testing these hypotheses.
Thus we have (a) sought and found evidence for the existence of a distinct Ins(l,3,4)P3 6-kinase in chicken erythrocytes, and (b) have investigated the possible route of synthesis of Ins (1,3,4,6)- P4 by a strategy identical with that used in resting cells , but this time after an agonist has induced in these erythrocytes a demonstrable increase in the 3H content and concentration of Ins(1,3,4,6)P4 similar to that seen in other tissues (see references given above). We also describe the changes in [3HJIns labelling that occur in inositol phosphates related to Ins(1, 3, 4, 5, 6 )P5, and, by measuring the changes in their specific radioactivities, gain some insight into the possible metabolic events responsible for the increases in radiolabelling of inositol phosphates in these cells, which in turn sheds light on similar data derived from other tissues.
MATERIALS AND METHODS
Erythrocytes from 5-day-old chicks were collected and washed in a chloride-free Hepes-based iso-osmotic solution as described previously . Aliquots (100 ,l) were also removed from the erythrocyte suspensions to determine the specific radioactivity of the y-phosphate group of ATP (see (using a Partisphere WAX column; see Stephens et al., 1988b Stephens et al., 1989) .
Preparation of chicken erythrocyte lysates and partial purification of inositol phosphate kinase activities from them Erythrocytes from 5-day-old chickens were prepared and lysed as described previously InsPs fractions were quantified as described above. Aliquots of the peak assay fractions from each of the four assay mixtures were mixed with appropriate 32P-labelled standards and subjected to anion-exchange h.p.l.c. (Stephens et al., 1988b) , to identify the products. The assay mixture contained 15 mM-2-mercaptoethanol, 5 mm-ATP, 6 mM-MgCl2, 50 mM-Hepes, 2 mM-EGTA, BSA (1 mg/ml), 100 mM-KCl, pH 7.0 at 37°C, with 3000-4000 d.p.m. of the appropriate 3H-labelled substrates [which were prepared as described in Stephens et al. (1988c Stephens et al. ( , 1989 (1988a,b,c, 1989) .
Ins(1,3,4,6)P4 6-phosphate phosphomonoesterase was prepared from rat brain cytosol by gel-filtration chromatography as described previously ; typically 25-35 % of the total cytosolic activity was recovered in the fractions used in the assays). All reagents and animals were from previously defined sources (Stephens et al., 1988a (Stephens et al., ,b,c, 1989 ). All agonists were obtained from previously defined sources (Berrie et al., 1989 (Stephens et al., 1988c). [3H]Ins(1,3,4,5,6)P5 was dephosphorylated in the absence of ATP to [3H]Ins(1,4,5,6)P4 (Stephens et al., 1988b; Balla et al., 1989a) .
Most of these kinase activities could be resolved by chromatography on hydroxyapatite resin (see Fig. 2 ).
DISCUSSION
The data describing the effects of purinergic stimulation on the radiolabelling ofinositol phosphates in chick erythrocytes (Tables  2 and 3) Vol. 269 (Table 2) is consistent with many other observations and with the generally accepted schemes of the production of the intracellular second messenger Ins(1,4,5)P3 and its rapid metabolism to the other putative messenger, Ins(l,3,4,5)P4 (Berridge & Irvine, 1989 (Table 2) . Rises in those inositol phosphates previously suggested to be associated with the turnover of InsPJ (Stephens et al., 1988b Balla et al., 1989a,b; were graded through the sequence Ins(1,3,4,6)P4 (+232%), Ins(3,4,6)PJ (+ 194%), Ins(3,4,5,6)J4P
(+ 169%), Ins(3,4,5)P3 [+ 148%; this is probably a dephosphorylation product of Ins(3,4,5,6)P4; Stephens et al., 1989] and Ins(1,3,4,5,6)P, (+ 110%). Although this is consistent with the implied precursor-product relationships from [32P]P1 labelling in chicken erythrocytes , this form of experiment, using a 40 min stimulation, is extremely hard to interpret in terms of a synthetic sequence; indeed, it is only with determination of the specific radioactivity of Ins(3,4,5,6)P4 and Ins(1,3,4,5,6)P, in the presence and absence of agonist that we establish that the agonist-sensitive increment in [3H]Ins(3,4,5,6)-
Ins(1,4,5,6)P4; though we cannot detect it in control cells} is not derived from Ins(1,3,4,5,6)P,: the latter is at one-third the specific radioactivity of the former, so any Ins(1,3,4,5,6)PJ breakdown would decrease the specific radioactivity of the Ins(3,4,5,6)P4 peak. Furthermore, the fact that the specific radioactivities of [3H]Ins(3,4,5,6)P4 and [3H]Ins(1,3,4,5,6)PJ rise, whereas their concentrations do not, implies that the 'link' between them and the agonist-generated inositol phosphates may not actually transmit a rise in concentration of the latter, but only an increase in their specific radioactivity (see below).
In conclusion, the data on chick erythrocytes presented here superficially resemble those for a number of other tissues. But it is clear when we examine specific radioactivities (something that is only easily measured in cells such as erythrocytes, which are readily available in sufficient quantities for mass determinations), that if strict isotopic equilibrium has not been established, only very limited conclusions can actually be drawn from measurements of the 3H content of chromatographic peaks, about precursor-product relationships, changes in fluxes through pathways, and changes in mass levels.
Route of synthesis of Ins (1,3,4,6)P4 Ins(1,3,4,6)P4 was originally described as the product of Ins(1,3,4)P3 phosphorylation in rat liver and adrenal-glomerulosa cell homogenates (Shears et al., 1987; Balla et al., 1987) . When
[3H]Ins(l,3,4,6)P4 was established to be a constituent of intact cells (Stephens et al., 1988b) and was shown to be agonistsensitive, it became accepted that cellular Ins(1,3,4,6)P4 was synthesized by the Ins(1,3,4)P3 6-OH kinase activity previously defined in vitro (Stephens et al., 1988b; Barker et al., 1988; Balla et al., 1989a ,b: Hansen et al., 1988 . Although no evidence had previously been reported that showed the cellular concentration of Ins(1,3,4,6)P4 rose upon agonist stimulation, the fact that the levels of 3H in Ins(1,3,4,6)P4 were usually found to fall towards control values after prolonged stimulation strongly suggested Table 4 . Measurement of the specific radioactivities of the individual phosphate moieties of I3HIInsI32PI(1, 3, 4, 3, 4, 6) P4 (see Table 3 ) from three independent aliquots of agonist-stimulated or control erythrocytes were pooled, and a portion of both the agonist-stimulated and control extracts was incubated with a partially purified preparation of [3H] Table, and from these values the percentage distribution of 32P among, and the absolute specific radioactivities of, the 4-phosphomonoester groups were determined. Details of assay conditions and separation techniques were described by . The results presented are derived from one experiment and were typical of those obtained in one further experiment. '% T' means the proportion of the total 32p found at that location (as a percentage). (1,3,4,6)-(1,3,4) (1,3,4)-(3,4) (1,3,4) (1,3) (1 ,3,4,6) - (6) Ins(1,3,4,6 )P4. The role of this activity has been further confused by a recent observation made by Hughes et al. (1990) remove the 3-and 4-phosphates only for specific kinases to replace them rapidly (the 3-phosphate most rapidly).
Control
This would lead to the 3-and 4-phosphates of Ins(1,3,4,6)P4
becoming the most rapidly labelled with [32P]P,, but the Ins(1,3,4)P3 6-OH kinase activity, although operating at a lower relative rate, is the only reaction leading to a net input of inositol into the Ins(1,3,4,6)P4 pool. This form of explanation for the data was originally by-passed on the grounds that it was too complex and had no precedent. However, recent observations of inositol phosphate metabolism in the slime mould Dictyostelium (Stephens & Irvine, 1990 ) have provided direct evidence for just such a precedent. In Dictyostelium lysates, InsPJ is synthesized from three different cellular InsPJ species, the major, if not only, source of two of these InsPJ species being InsPl6 and the third being the product of an InsP4 kinase. Moreover, the two former InsP. species, which appear to form substrate cycles with InsP6, turn over substantially more quickly than the third isomer, both in vivo and in vitro. The function of such 'futile' cycles in inositol phosphate metabolism is still completely obscure, but the pivotal role of similar cycles in the regulation of Ptdlns(4,5)P2 supply to phosphoinositidase C is only just becoming appreciated, despite the fact they were first described 28 years ago (Brockerhoff & Ballou, 1962) .
Several experiments reported here were performed in Dr. 
